Carbohydrate mouth rinsing does not affect sprint and reaction time tests performance
INTRODUCTION
tive pacing strategy was not seen (all observed experimental values were within ± 5% of this criterion). Importantly, participants were provided with standardized strong verbal encouragement when performing sprints.
Visits 2-4 (experimental):
Three conditions were employed: control (CON; no-MR), placebo-MR (PLA-MR; 0% maltodextrin), and CHO-MR (10% maltodextrin). Administered in a randomized and counter-balanced manner, separated by at least 2 weeks (see Figure   1 for schematic of experimental design). Participants reported to the laboratory in the afternoon following total fasting of 14 h per day, for the 3 prior consecutive days. All exercise trials were performed at the same time of the day (between 14:00-16:00) to avoid circadian variation [12] , the first laboratory arrival time was used across each further experimental visit. Participants performed the reaction time tests (RTI; simple and complex) and repeated sprint protocol (RSP) on each visit. All experimental procedures occurred in a standardized chronological order within standardized environmental conditions (22.7±1.1ºC and 46.03±3.5% relative humidity).
Experimental Day Procedures:
Anthropometrics were assessed as previously described. Urine samples were collected upon arrival to assess urine-specific gravity (USG; Digital Pocket Refractometer, Atago 4410 PAL-10S, West Sussex, UK). If the USG value was outside of 1.005 -1.030 [22] , a participant was excluded (n = 1).
Seated finger capillary blood samples were collected to determine resting pre-RSP blood lactate concentration (Lactate Scout+, Barleben, Germany). Hooper's [23] index questionnaires (i.e., summation of the subjective ratings of sleep quality, fatigue, stress and muscle soreness) were administered to assess participant's wellness.
RTI was administered pre-RSP.
RSP and related procedures:
Prior to the RSP, participants underwent a standardized warm-up: (i) 1 min at 8 km.h -1 , 1 min at 9 km.h -1 and finally 8 min at 10 km.h -1 (10 min total running time) on the treadmill (motorized mode), followed by (ii) 5 to 6 min of sprintspecific dynamic stretching and skipping muscular warm-up exercises off the treadmill, and (iii) 10 to 13 min of interval treadmillsprints (non-motorized mode) [24] . Warm-up duration was consistent within participants for the 3 conditions (total time range: 25 -28 min). The RSP was composed of two sets (SET1 and SET2) of repeated-sprints, separated by 3 min recovery. Each SET consisted of five sprints (maximal 5 s sprints), separated by 25 s passive recovery (figure 1). Heart rate (HR; Polar S-810, Kempele, Oy, Finland)
was continuously monitored, with mean peak cardiac frequency (HRpeak) calculated for each set using commercially available software (Polar Pro Trainer 5, Bethpage, NY, USA).
Treadmill:
The validated instrumented treadmill ergometer allowed the participants to sprint against the resistance of a tethered belt, in the non-motorized mode [19] . The motor torque was set between of brain regions associated with motivation [10, 11] and attentional processing [12] . Activation of higher centers in response to CHO-MR has been shown through electroencephalogram (EEG) analysis [10] , specifically brain regions attributed to reward and motor control (primary and putative secondary taste cortices in the orbitofrontal cortex [12, 13] ).
The ability to repeatedly express and recover from near maximal sprints [i.e. repeated-sprint-ability (RSA)] is a key physical attribute in many team-sports, with RSA central to many training programs [14] . Despite a growing number of publications regarding the effect of CHO-MR on performance during high-intensity exercise lasting ~1 h [6, 9, 15] . The effect of 10% CHO-MR on participants in a fasted state, relative to short intensive exercise (e.g. RSA) accompanied by assessment of cognitive performance (e.g. reaction time and mechanical/movement quality), has not been performed.
Given the cognitive demands of both playing [16] and officiating [17] team sports match-play, whether recreationally or at an elite level, these latter cognitive considerations should also be of concern to the fasting athlete/official and their support network, in addition to physical performance related agendas.
Therefore, the present study examined the effects of CHO-MR The following procedures were administered post SET1 and SET2
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of the RSP, whilst participants were stood on the braked treadmill.
Rating of perceived exertion (RPE; 1 -10 scale [25] ) and subjective ratings for pleasantness (feeling scale; FS) using a 'feeling scale'
(+2= very pleasant, 1= pleasant, 0= neutral, -1= unpleasant and -2= very unpleasant [26] ), immediately followed by a standing cap- . For each step, power in the anterior-posterior direction was computed as P = F H V, where F H is the horizontal GRF, and V is the treadmill belt velocity [21] . Vertical stiffness (K vert ) was calculated as K vert = F max /∆COM, where F max is the vertical GRF peak, and ∆COM is the maximum vertical displacement of the center of mass, which was calculated by integrating the vertical acceleration twice with respect to time [20] . All calculations were processed using a custom written Matlab (MathWorks, Version 8.4) program.
Statistical analysis
Statistical analysis was performed using SPSS version 21. Each measure was obtained by averaging the score over four trials.
In the simple-RTI, a yellow dot appeared on the black screen in one pre-determined location whilst in the complex-RTI, the yellow dot appeared in one of five pre-determined different locations. At the sight of the dot appearing on the screen, the participant had to release Model was performed to analyze the effect of condition on RTI parameters at mid-and post-RSP after adjusting for pre-RSP RTI parameters. If a primary significant difference was observed, the posthoc Bonferroni correction for multiple comparisons was used to detect where the differences occurred. The level of two tailed statistical significance was set at p<0.05 with effect sizes (ES) calculated from Partial Eta-squared. A large effect size was determined as ≥0.25, medium as >0.09 and small as ≤0.09 [29] .
RESULTS
No effect of condition on all physiological measures were seen (ta- No significant difference was observed between trials (P > 0.05).
Whilst it appears that CHO-MR may have specific effects dependent upon the participants fed state, with enhanced performance effects during cycling exercise (subjects were asked to maintain their highest sustainable average power output within the 60 min) when athletes were in a fasted as opposed to fed state [6] . It is important to note that CHO-MR exercise performance evidence is skewed to non-fasted [9, 12, 33] rather than fasted [4, 34] endurance exercise experimental designs. Consequently, it is difficult to critically compare the present fasted RSP data (5 min total exercise duration; 2 x 5 x 5 s maximal effort sprints = 100 s sprinting) to fasted experimental designs involving ~60 min endurance exercise [4, 6, 9] . Therefore, whilst CHO-MR is mechanistically capable of stimulating reward and/ or motivation centers in the brain [12] , this stimulus was insufficient to influence the cognitive and physical performance outcome variables employed within the present design. It is plausible that there is a lag time between MR and the activation of the required brain regions ('mouth-to-muscle' hypothesis) which when observed elsewhere has been suggested to underpin enhanced mean power in an ~1 h highintensity time trial [12, 33] . Such a lag time may underpin the null experimental findings within the present design, however specific deductive experimental designs are required to provide empirical evidence in this regard. 
DISCUSSION
The present study demonstrated that 10% CHO-MR for 5 s in a fasted state (third day of 3d-IF, composed ~14 h of fasting per day) during the RSP, had no significant effect on physical performance or cognitive function; thus the stated experimental hypothesis is rejected. This running based RSA based data contributes to previous specific observations that CHO-MR (6.4% CHO-MR for 10 to 15 s) following overnight fasting elicits no performance effect during anaerobically biased short duration exercises, including maximal strength and strength endurance exercise [30] , and 30 s cycle sprint cycling (6.4% CHO-MR for 5 s [31] ). However, such conclusions must be tempered by evidence that CHO-MR may improve highintensity interval running capacity (1 min at 80% VO 2 max interspersed with 1 min walking at 6 km.h -1 ) in CHO restricted, not fasted, participants [32] . [36, 37] . Increased brain activity such as this (orbitofrontal) in response to 6.4% CHO-MR for 20 s failed to enhance reaction time within fed participants at rest [10] . Whilst the fed or fasted state of the participants [6] , and the CHO rinse concentration [5] and duration [7] all have varying efficacy to activate several higher centers [12] , this activation often does not elicit improvements in a range of cognitive processes [10] ; with such effects complicated by the presence and proximity of various exercise modalities [9] . of the implicated oral receptors.
